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Copyright © 2009 JCBN Summary The aim of this study was to compare the potency of intestinal lipid absorption in
Zucker obese rats compared with Sprague-Dawley (SD) rats. Six male Zucker obese (fa/fa)
and six male SD rats baring intestinal lymph fistulae were used in this study. After 24 h
recovery, rats were infused inraduodenally with a lipid emulsion containing 40 μmol triolein
(labeled with glycerol tri[3H-oleate]), 7.8 μmol phosphatidyl choline in 3 ml phosphate buffered
saline at a rate of 3 ml/h for 8 h. Lymph samples were collected and the radioactive lipid
content determined. Apolipoprotein B (apo B) level in the lymph was evaluated. The Zucker
obese rats transported more radioactive lipid into the lymph compared with the SD rats,
particularly in the early phase of lipid absorption. Lymph apo B levels in the intestinal mucosa
were significantly increased compared with the SD rats. In conclusion, this study indicated
that lipid absorption and transport in Zucker obese rats is concomitant with increased apo B
levels in the mesenteric lymph, indicating that the increase in lipid absorption may be
responsible, at least in part, for obesity progression and hyperlipidemia.
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Introduction
Zucker obese rats are hyperlipidemic with increased
abdominal fat relative to lean littermates [1, 2]. However,
the contribution of lipid absorption and transport in Zucker
obese rats to their progressive obesity and hyperlipidemia
is still unclear. We previously demonstrated that increased
transport of absorbed lipid might be involved in hyper-
lipidemia in experimental diabetic rats [3]. Apolipoprotein
(apo B) plays an important role in intestinal lipid transport
to the lymph flow [4–6], and apo B is essential for the
formation of triglyceride-rich lipoproteins and chylomicrons
[7]. Lymph levels of apo B were not changed after lipid
infusion in Sprague-Dawley (SD) rats [8]. The purpose of
this study were to determine i) whether intestinal lipid
absorption and lipid transport are increased in Zucker obese
rats, and ii) whether the mesenteric lymph levels of apo B
were increased compared with SD rats.Lipid Absorption and Zucker Obese Rats
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Materials and Methods
Six male Zucker obese rats (fa/fa) (body weight; 450–
550 g) and six male SD rats (body weight; 280–350 g), both
aged 10–12 weeks, were used. All animal protocols were
approved by the Institutional Animal Review Board of Saga
Medical School. Each rat was fasted overnight before
surgical procedures. Under halothane anesthesia, laparotomy
was performed and the main mesenteric lymph duct was
cannulated with a clear vinyl tubing (OD 0.8 mm) according
to the method of Bollman, et al. [9], as described previously
[8, 10]. A silicon infusion tube (OD 2.2 mm) was introduced
about 2 cm along the duodenum through the fundus of the
stomach. Postoperatively, the rat was infused via the
intraduodenal tube with a glucose-saline solution (145 mM
NaCl, 4 nM KCl, 0.28 M glucose) at a rate of 3 ml/h and
allowed to recover in restraint cages for at least 24 h before
lipid infusion.
Rats were infused with a lipid emulsion containing
0.354 g (400 μl) of triolein, 1 μCi of glycerol tri[9,10(n)-
3H]oleate, 68 mg of egg phosphatidylcholine (78 μmol), and
570 μmol of sodium taurocholate in 30 ml of phosphate-
buffered saline (PBS). PBS contained 6.74 mM Na2HPO4,
16.5 mM NaH2PO4, 115 mM NaCl and 5 mM KCl, pH 6.4.
The emulsion was infused at 3 ml/h for 8 h. Lymph was
collected into precooled tubes for 1 h before the lipid
infusion was started. This lymph sample was analyzed as the
fasting lymphatic output. Subsequent lymph samples were
collected at 2, 4, 6 and 8 h after starting the lipid infusion.
Radioactivity was measured in an aqueous miscible
scintillant (Opti-Fluor, Packard, Downers Grove, IL). The
samples were counted for 10 min in a liquid scintillation
spectrometer (460 CD, Packard).
Apo B concentrations in the lymph samples were deter-
mined by electroimmunoassay (EIA), as described by
Laurell [11], with modifications [8]. Gels for apo B EIA
were made of 1% Induboise agarose (Accurate Chemical &
Scientific, Westbury, NY) and 3% polyethylene glycol in
tris-tricine buffer containing 0.5%, by volume, of rabbit
anti-rat apo B antiserum.
Data for lymph flow, radioactive 3H-trioien output and
apo B lymph levels were evaluated by two-way analysis of
variance, and multiple comparisons were carried out using
the method of least significance.
Results
Lymph flow in the fasting state and after lipid infusion is
shown in Table 1. Lymph flow increased 4 h after lipid
infusion in both groups (p<0.05). Basal lymph flow in the
Zucker obese rat (2.5 ± 0.2 ml) was lower than in the SD rat
(2.8 ± 0.2 ml), but not significantly. After lipid infusion,
there was no difference in the lymph flow at each sampling
time in both groups.
Changes in lymph radioactive lipid levels in the Zucker
obese and SD rat are shown in Table 2. Lymph radioactive
lipid levels are expressed as % of hourly infused radio-
activity. After lipid infusion, the lymph radioactive lipid
levels increased in the Zucker obese rat and the SD rat in a
time dependent manner (p<0.01 for both). The lymph
radioactive lipid level in the Zucker obese rat reached a level
at around the maximum at 2–4 h after the infusion, although
Table 1. Lymph flow before and after lipid infusion in Zucker obese rats and SD rats.
Values (ml/h) are expressed as means ± SE. Fast: lymph flow at 1 h before the infusion. a p<0.05, compared with Fast. Lymph flow in-
creased at 4 h after the infusion in the both groups.
Fast 0–2 h 2–4 h 4–6 h 6–8 h
Zucker obese rats
2.5 ± 0.2 2.1 ± 0.2 3.0 ± 0.3 3.8 ± 0.2a 3.9 ± 0.3a
SD rats
2.8 ± 0.2 2.4 ± 0.3 3.3 ± 0.2 4.0 ± 0.3a 4.0 ± 0.3a
Table 2. Lymphatic radioactive triolein output after lipid infusion.
Values (% of are hourly radioactive triolein infusion) expressed as means ± SE. a p<0.01, compared with lipid output at 0–2 h after in-
fusion. b p<0.05, compared with lipid output of SD rats at each time point.
0–2 h 2–4 h 4–6 h 6–8 h
Zucker obese rats
38.2 ± 1.2% 84.5 ± 2.0%a,b 89.8 ± 1.0%a,b 87.3 ± 1.2%a,b
SD rats
30.2 ± 1.4% 64.1 ± 2.0%a 80.4 ± 1.5%a 79.4 ± 1.9%aK. Anzai et al.
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it reached the maximum at 6–8 h after the infusion in the SD
rat. The lymph radioactive lipid level was significantly
higher in the Zucker rats compared with the SD rats at all
time points during the 8-h period (p<0.05 for all).
Lymph apo B levels at each sampling time are shown in
Table 3 for the Zucker obese rats and the SD rats. Lymph
apo B levels in the fasting lymph of the Zucker rats were
significantly higher compared with that of the SD rat
(p<0.01). The lymph apo B level in the Zucker rats increased
immediately after the lipid infusion, and this increase
continued over the 8-h sampling time (p<0.05 in each). In
contrast to the Zucker obese rat, the lymph apo B level of the
SD rats did not increase after lipid infusion.
Discussion
Zucker obese rats have been used as animal model for
genetical obesity. Several metabolic abnormalities of Zucker
obese rats are common with human obese subjects. Zucker
obese rats show hyperphagia [12], hyperlipidemia [13, 14],
hyperinsulinemia [14, 15], and increased fat deposition [2].
The defective catabolism of chylomicrons in Zucker obese
rats and overproduction of VLDL from the liver are
considered to be the origin of hyperlipidemia in these rats
[16–18]. However, the potency of lipid absorption and
transportation to the mesenteric lymph of Zucker obese rats
is largely unknown.
This study has provided some evidence for increased
intestinal absorption and transport of lipids in Zucker obese
rats compared with SD rats. The level of labeled triolein in
the mesenteric lymph was significantly higher in Zucker
obese rats compared with SD rats. Time-course analysis
revealed that the lymph lipid level started to rise in the early
phase after lipid infusion. These data indicate that Zucker
obese rats absorb lipids more effectively than SD rats. These
traits of Zucker obese rats may, in part, be related to the
progression of obesity and hyperlipidemia. This hypothesis
is supported by another study which found decreased fecal
lipid and increased pancreatic lipase activity in Zucker
obese rats [19]. There is the possibility that hyperphagia in
Zucker obese rats affects pancreatic lipase activity and
increases lipid absorption. To test this, additional experi-
ments involving pair feeding and food restriction are needed.
Apo B is necessary for chylomicron formation, and levels
of Apo B are related to the number of chylomicrons [4, 7, 8].
The present study showed that the lymph apo B levels were
higher in the fasting state in Zucker obese rats than in SD
rats. There may be a large preformed pool of apo B in
Zucker rats, contributing to the high apo B lymph level in
the fasting stage. The Apo B level increased significantly
after lipid infusion, and the higher lymph apo B level may be
responsible for the higher lymph lipid level after lipid
infusion. In contrast to the Zucker obese rats, the apo B level
in the mesenteric lymph did not increase after lipid infusion
in the SD rats, which is consistent with a previous study that
showed no increment of apo B level in the mesenteric lymph
or of apo B synthesis in the jejunal mucosa after lipid
infusion [8].
In conclusion, Zucker obese rats absorbed and transported
lipid more rapidly compared with the SD rats, and occurred
concomitantly with increased mesenteric lymph levels of
apo B. Increased lipid absorption and transport to the
mesenteric lymph in Zucker obese rats may promote, at least
in part, their obesity, hyperlipidemia and fat absorption.
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